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The  purpose  of the  present  trial was to compare  the percentages  of  necrotic  and apoptotic
polymorphonuclear  leukocytes  (PMNL)  in  goat  milk  with  low  and  high  somatic  cell  count
(SCC). Twenty  eight  milk  samples  were  collected  from  20 lactating  goats,  determined  to  be
negative  in bacteriological  examination,  and  divided  in  three  groups,  according  to  their SCC:
samples  with  SCC  lower  than  500  ×  103 cells/mL;  between  500  and  1500  ×  103 cells/mL;  and
higher  than  1500  × 103 cells/mL.  SCC  was  performed  in  an  automatic  somatic  cell counter.
Apoptosis  and  necrosis  were  quantiﬁed  using  dual-color  ﬂow  cytometry  with  ﬂuoresceinomatic cell count
eukocytes
poptosis
ecrosis
labeled  annexin-V  and  propidium  iodide  (PI).  Results  of  the  present  study  showed  a signiﬁ-
cant positive  correlation  between  the  percentage  of the viable  PMNL  and milk  SCC  (r =  0.495,
P = 0.008),  as  well  as  a signiﬁcant  negative  correlation  between  apoptotic  PMNL  and  milk
SCC (r =  −0.486,  P =  0.009).  Results  also  pointed  out  lower  PMNL  viability  rates  due  to higher
apoptosis  rates  in  milk  samples  with  SCC  lower  than  5  ×  105 cells/mL.. Introduction
Protection of the mammary gland involves innate and
daptive immune responses (Leitner et al., 2000). Innate
mmune response is made up of the physical barrier of the
eat canal, resident cells in the mammary gland, such as
acrophages, neutrophils, natural killer cells (NK), and by
ome soluble factors (Sordillo and Streicher, 2002; Rainard
nd Riollet, 2006; Sladek and Rysanek, 2010). Resident cells
re the ﬁrst cells that get in contact with the pathogens and
re responsible for attracting more leukocytes to the site of
nfection (Leitner et al., 2000; Sladek and Rysanek, 2010).
Resident macrophages and epithelial cells produce and
elease pro-inﬂammatory cytokines that recruit blood
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polymorphonuclear leukocytes (PMNL) to the mammary
gland (Leitner et al., 2000; Sladek and Rysanek, 2010).
Few PMNL migrate to healthy mammary glands. On the
other hand, in infected mammary glands, large num-
bers of PMNL migrate quickly to the site of infection
(Paape et al., 2002; Paape et al., 2003). After that, pat-
tern recognition receptors in these cells recognize the
pathogen-associated molecular pattern and the phagocy-
tosis process begins.
If the pathogens are removed by phagocytosis, PMNL
undergo apoptosis and are phagocyted by macrophages,
leading to resolution of the inﬂammatory process, rather
than persistence of infection (Baumert et al., 2009; Sladek
and Rysanek, 2010). Signiﬁcant increase in PMNL counts
in the mammary gland caused by infection could result
in impaired clearance of apoptotic PMNL by macrophages,
and increased necrotic lysis of PMNL. This latter occurrence
can lead to the release of a large number of agents that
Open access under the Elsevier OA license. may  damage the surrounding tissue and cleave matrix pro-
teins into chemotactic factors that potentially amplify the
inﬂammatory process by attracting more cells (Paape et al.,
2002; Sladek and Rysanek, 2006).
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Some researchers have studied the mechanisms of the
PMNL death in milk samples from healthy and infected
mammary glands of cows (Sladek and Rysanek, 2010;
Piepers et al., 2009; Koess and Hamman, 2008; Sladek et al.,
2005; Vangroenweghe et al., 2002; Yagi et al., 2002; Van
Oostveldt et al., 2001). Very little information is available
for goats. To our knowledge, this is the ﬁrst report on the
evaluation of apoptosis and necrosis in non-infected mam-
mary glands of dairy goats with high and low somatic cell
counts (SCC).
Although there is knowledge on PMNL death in bovines,
the apocrine secretion of milk in goats – different from that
of cows – should be taken into account as a relevant fac-
tor (Gomes et al., 2006; Bergonier et al., 2003; Paape et al.,
2007). SCC in milk of uninfected goats is higher than that of
uninfected cows and sheep (Paape et al., 2001; Bergonier
et al., 2003). Unlike milk from cows and sheep, PMNL com-
prise the most common cell type in the milk of infected
and uninfected goats (Paape and Capuco, 1997; Paape et al.,
2001; Bergonier et al., 2003; Tian et al., 2005; Madureira
and Gomes, 2010).
Tian et al. (2005) described that 30% of milk PMNL
underwent cell death by apoptosis or necrosis in milk sam-
ples with low somatic cell counts (<3 × 105 cells/mL). These
authors suggested that the process of diapedesis of PMNL
from blood to the mammary gland, and PMNL ingestion of
milk components, such as fat and casein, can lead to cell
death.
Thus, the purpose of the present study was to evaluate
apoptosis and necrosis of PMNL in milk with high and low
SCC collected from uninfected dairy goats.
2. Material and methods
2.1. Reagents
Phosphate buffered saline at pH 7.4 (PBS) was prepared using deion-
ized water. Nutritive medium (RPMI-1640, catalog number R7638) and
propidium iodide (PI, catalog number P4170) were purchased from Sigma
(Saint Louis, MO,  USA). Annexin-V-FITC was acquired from the Cell Biology
Laboratory of the Department of Immunology at the Institute of Biomed-
ical  Sciences (University of São Paulo).
2.2. Animals and collection of samples
Twelve healthy Saanen goats, at different phases of lactation, were
selected by means of physical examination of their mammary glands, strip
cup test and bacteriological examination. Daily milk yield of these goats
was  2–3 kg/day. First, physical examination of the udder was  performed
by  inspection and palpation of parenchyma, teats and internal structures
(papillary duct, papillary sinus, lactiferous sinus). After that, the strip cup
test was  performed to evaluate the presence of clots, ﬂakes or otherwise
obviously abnormal secretion. After these procedures, three mammary
glands were excluded from the study.
Finally, 37 milk samples were collected from the goats. First, foremilk
was  discarded, and then milk samples were collected aseptically in ster-
ile  tubes for bacteriological examination. After that, milk samples were
collected for SCC and cell death assay.
2.3. Bacteriological analysis
Bacteriological analysis was carried out by culturing 0.01 mL of
each sample on 5% ovine blood agar plates and incubating them for
24–72 h at 37 ◦C. In an effort to exclude the modulatory effect of
the apoptotic program by bacterial pathogens (Kobayashi et al., 2003;
DeLeo, 2004), only negative samples in bacteriological examination were
included in the study, after the three different milk SCC thresholds wereResearch 100 (2011) 67– 71
determined. From the 37 milk samples analyzed, nine (24.32%) were
positive in the bacteriological examination and were excluded from the
study.
2.4.  Separation of milk cells
Separation of milk cells was performed as described by Koess and
Hamman (2008). Brieﬂy, 100 mL  of milk were diluted with 100 mL  of
PBS. After centrifugation at 1000 × g for 15 min, the cream layer and
supernatant were discarded. The cell pellet on the bottom of the tube
was  then washed once with 30 mL of PBS and centrifuged at 400 × g for
10  min. After that, cells were taken up in 1000 L of nutritive medium
with 10% of fetal bovine serum (Cultilab, Brazil), and concentration was
determined in Neubauer chamber. Cell viability was  ﬁrst determined
by trypan blue exclusion test. Milk cells were diluted with nutritive
medium with 10% of fetal bovine serum to a concentration of 2 × 106 viable
cells/mL.
2.5. SCC
Milk samples for SCC were collected in a 40 mL vial containing
microtablets of bronopol (2-bromo-2-nitropane-1,3-diol), a preserving
agent. Then, SCCs were performed in an automated ﬂuorescent micro-
scopic somatic cell counter (Somacount 300 – Bentley Instruments®).
Ethidium bromide was used for speciﬁc binding to DNA in the cell nuclei.
This method counts both epithelial cells and leukocytes, but counts are not
confounded with cytomasmic particles. The process is rapid, repeatable
and cheap (Hall and Rycroft, 2007).
2.6. Detection of cell death by ﬂow cytometry
Death of neutrophils was determined by dual labeling with annexin-
V  and PI and analyzed by ﬂow cytometry (FACSCalibur ﬂow cytometer;
Becton Dickson, Mountain View, California, USA), as previously described
by Vermes et al. (1995).  Brieﬂy, 2 × 105 milk viable cells were sus-
pended in 100 L of binding buffer (10 mM Hepes, 150 mM NaCl, 1 mM
MgCl2, 1.8 mM CaCl2) containing annexin-V-FITC, and incubated at room
temperature for 20 min  in the dark. Immediately before ﬂow cytome-
try, 5 L of PI 250 g/mL were added. After that, PMNL were identiﬁed
based on light scattering properties of 20,000 cells (Winnicka et al.,
1999; Tian et al., 2005; Sladek and Rysanek, 2010). The FlowJo Tree
Star Software (TreeStar Inc., Ashland, OR, USA) was used to analyze the
data.
Dot plots were generated for gated PMNL. Living non-apoptotic cells
showed negative results for FITC-labeled annexin-V and PI. Cells that
showed positive results for FITC-labeled annexin-V and negative results
for PI were classiﬁed as apoptotic cells. Cells that showed negative results
for  FITC-labeled annexin-V and positive results for PI were classiﬁed as
necrotic cells. Finally, cells that showed positive results for both FITC-
labeled annexin-V and PI were classiﬁed as late apoptotic or necrotic
cells.
2.7. Statistical analysis
First, results for cell death were divided according to SCC: sam-
ples with SCC lower than 5 × 105 cells/mL, between 5 × 105 cells/mL and
1.5 × 106 cells/mL and higher than 1.5 × 106 cells/mL (Paape et al., 2001;
Bergonier et al., 2003; Hall and Rycroft, 2007).
The Kolmogorov and Smirnov test was used to assess Gaussian dis-
tribution. Then, repeated measures ANOVA were then used to look for
signiﬁcant differences among SCC thresholds. If a signiﬁcant difference
was  identiﬁed, this test was  followed by Tukey–Kramer multiple means
comparison test.
In cases of Gaussian distribution, correlations between milk SCC and
the percentage of the viable PMNL, apoptotic PMNL, necrotic PMNL, and
late  apoptotic or necrotic PMNL were determined by Pearson’s correla-
tion test. If distribution was  not Gaussian, Spearman’s correlation test was
applied.
Statistical analysis was performed using GraphPad Prisma 5.0
software® (GraphPad Software, Inc., San Diego, CA, USA). Results are
reported as means ± SD. Signiﬁcance was P ≤ 0.05, unless otherwise indi-
cated.
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Fig. 1.
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. Results
Mean SCC (±SD) of the 28 bacteriologically nega-
ive samples was 200,727 (±123,348) cells/mL (n = 11);
,013,000 (±319,228) cells/mL (n = 12); and 2,978,000
±1,668,000) cells/mL (n = 5), for the low, medium and high
CC levels, respectively (Figs. 1–3).
Percentages of viable, apoptotic, necrotic, and late apo-
totic or necrotic PMNL according to the SCC threshold are
hown in Table 1.
Additionally, correlations between the percentage of
iable, apoptotic, necrotic, and late apoptotic or necrotic
MNL and milk SCC were r = 0.495 (P = 0.008), r = −0.486
P = 0.009), r = 0.067 (P = 0.73) and r = −0.086 (P = 0.66),
espectively.
. Discussion
Protection of the mammary gland against invad-
ng pathogens is given by several factors mediated by
nnate and the adaptive immune response. An effective
nnate immune response can rapidly eliminate invading
athogens and quantitative and qualitative changes in milk
ill be minimal (Sordillo and Streicher, 2002; Baumert
t al., 2009).
Tian et al. (2005) suggested that the high proportion of
eutrophils (50–70%) in healthy mammary glands of dairy
oats is related to lower susceptibility to mastitis com-
ared with dairy cows, in which PMNL represent 3–26%
f the milk leukocytes. Here, we identiﬁed milk PMNL
opulation based on their size and granularity character-
stics. Although monoclonal antibodies speciﬁc for PMNL
re available for cows, there are few monoclonal anti-
odies available to identify milk cell populations in goats
Östensson et al., 1988; Pillai et al., 2001; Rivas et al., 2001;
osogne et al., 2003), and none of them identify goat milk
MNL. Because of this, we emphasize the need for the
evelopment of new monoclonal antibodies for differential
ell counts in goat milk, which may  produce better results
han identifying them by dot plots positions (Boulaaba
t al., 2011).
Here, we observed a reduction in PMNL viability and
lso an increase in the number of PMNL undergoing apo-
tosis in milk samples from dairy goats with low SCC
5 × 105 cells/mL). Similarly, Sladek and Rysanek (2010)
oncluded that macrophages resident in the mammary
land were less viable and showed higher apoptosis rates
ompared with freshly migrated PMNL.
Milk samples with SCC higher than 1.5 × 106 cells/mL
howed higher PMNL viability and lower apoptosis rates.
e  hypothesize that the increased number of freshly
igrated PMNL from blood to the mammary gland in
ilk samples for physiological or defense reasons may  be
esponsible for the phenomenon observed here, as also pro-
osed by Sladek and Rysanek (2010).
Higher cellularity in healthy mammary glands of dairy
oats can be easily explained by physiological reasons, such
s the lactation phase and number of deliveries (Gomes
t al., 2006; Bergonier et al., 2003; Paape et al., 2001), and
ay  be also related to the results found in the present
tudy. Fig. 3.
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Table 1
Percentages (mean ± standard deviation) of PMNL that are labeled with annexin-V FITC or/and PI divided according to the different SCC thresholds
established.
SCC(×103 cells/mL) Annexin-V+/PI−(%) Annexin-V−/PI+(%) Annexin-V+/PI+(%) Annexin-V−/PI−(%)
<500 57.34 ± 27.17a 4.84 ± 8,47a 5.57 ± 3.37a 32.25 ± 24.04a
≥500 and ≤1500 45.07±21.48ab* 2.10±2.84a 6.65±4.40a 46.18±22.89ab**
<1500 24.45 ± 12.54b* 2.89 ± 2.77a 2.80 ± 2.90a 69.86 ± 14.78ab**
P 0.023 0.49 0.18 0.006
Different superscripts among lines are signiﬁcant different (P ≤ 0.05).
PI:  iodide propidium.
SCC: somatic cells count.
P:  signiﬁcant value.
* P = 0.065.
** P = 0.052.
It should be emphasized that necrosis rates were
not inﬂuenced by milk cellularity, indicating absence of
inﬂammatory process in the mammary glands of the ani-
mals evaluated here. It is well documented that, during
inﬂammation and infection, leukocytes are more prone to
undergo necrosis than apoptosis, which can result in the
release of the contents of cytotoxic granules and reactive
oxygen species onto host tissues (Paape and Capuco, 1997;
Kobayashi et al., 2003).
Several authors (Shukken et al., 1989, 1991; Green et al.,
2004; Suriyasathaporn et al., 2000; Rainard and Riollet,
2003; Bergonier et al., 2003; Moroni et al., 2005) suggested
that animals with low SCC are more prone to masti-
tis, because their cells show reduced viability, decreased
phagocytosis ability and reduced intracellular hydrogen
peroxide production (Whyte et al., 1993; Van Oostveldt
et al., 2002; Mehrzad et al., 2004). Although this issue has
been discussed, no consensus has been reached.
5. Conclusion
Results of the present study point out that lower viabil-
ity is caused by higher apoptosis rates in milk samples with
low SCC (5 × 105 cells/mL) in dairy goats.
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